Reflex sympathetic dystrophy is an excessive or abnormal response of the sympathetic nervous system in an extremity to an injury or other condition. The authors describe a 37-year-old man who experienced constant pain and vasomotor instability in both feet after nontraumatic rhabdomyolysis secondary to smoking heroin. Three-phase bone scintigraphy was performed and revealed significantly increased blood-flow, blood-pool, and delayed-phase radioactivity. The follow-up threephase bone scinitigram showed less radiotracer uptake that was consistent with a good response to calcitonin therapy. Heroin-induced rhabdomyolysis should be added to the list of precipitating conditions that can induce this syndrome.
I
TS DISTINCT COMPLEX of symptoms, including burning pain, swelling, tenderness, tremor, vasomotor instability, dystrophic skin, and skeletal alteration (1), characterizes reflex sympathetic dystrophy (RSD). The roentgenographic findings invariably reveal osteoporosis at a late stage. Nuclear imaging is the method of choice to identify possible sympathetic dysfunction (2) . Rhabdomyolysis is not uncommon after heroin inhalation (3) . We describe a patient who had RSD after rhabdomyolysis secondary to smoking heroin. Three-phase bone scintigraphy (TPBS) identified RSD and is a useful tool for follow-up, which has not been reported before.
Case Report
A 37-year-old man had tea-color urine and swelling and tenderness of both feet. Although he smoked heroin, he denied a history of head injury or use of methamphetamine, narcotics, marijuana, or benzodiazepine. Biochemical studies showed marked azotemia (blood urea nitrogen level, 275 mg/dl), an increased creatinine concentration (19.9 mg/dl), hyperkalemia (6.5 mEq/l), and an elevated serum creatine phosphokinase value (10,970 IU/l). Barbiturates and heroin were not detected in his urine.
Acute renal failure and rhabdomyolysis were diagnosed, hemodialysis was initiated, and the biochemical values were restored to their normal ranges. However, the patient reported constant burning pain in both feet that disturbed his daily activities and sleep. Warm water immersion partially relieved the pain. The findings of a neurologic examination indicated a mild decrease of all sensory modalities at the lateral aspect of the lower legs and slightly diminished bilateral knee and ankle reflexes. There was no contact dysaethesia, allodynia, hyperpathica, or delayed sensation in the legs.
Physical examination showed cool, pale, and thin skin on both legs. The patient's hair was not dense but was coarse. His walking was restricted by the severe pain, his range of motion was limited, and his feet would become swollen and red rapidly after a 5-m walk, suggesting the loss of sympathetic regulation. The results of hematologic, virologic, serologic, biochemical, immunologic, heavy metal, tumor marker, and lupus investigations were normal. The findings of two human immunodeficiency virus tests were negative. The serum creatine kinase and lactate levels were 75 IU/l and 1.4 IU/l, respectively. An electromyogram revealed no resting potential, giant potentials, or an increase of polyphasic wave in the legs. Somatic sensory evoked potentials were intact in both arms and legs. A nerve conduction velocity study revealed prolonged distal latencies and conduction velocity in both tibial, peroneal, and sural nerves. Ra-diographs showed a mild decrease of bone mineralization in the legs. The patient refused a nerve biopsy.
Three-phase bone scintigraphy was performed using 15 mCi Tc-99m MDP and a gamma camera with a low-energy general-purpose collimator. After intravenous injection, blood flow images were acquired. The blood pool and delayed images were obtained immediately after the blood flow images and 2 hours after injection. The findings showed diffusely increased radiotracer accumulation over both feet in all three phases (Fig. 1 ) that was compatible with clinically indicated RSD. The diagnosis was confirmed by local anesthetic sympathetic blockade. Nasal calcitonin spray was administered and pain relief was achieved 2 months later. The follow-up TPBS (Fig. 2) found less diffuse radioactivity over the feet than did the previous study (Fig. 1) . Boneto-soft tissue ratios were calculated from delayed images and were 12.6 and 6.6 before and after calcitonin therapy.
Discussion
Reflex sympathetic dystrophy is a painful and disabling condition recognized as a clinical entity. Many terms can describe RSD, including shoulder-hand syndrome, Sudeck's atrophy, causalgia, and post-traumatic osteoporosis. It is associated with a wide variety of precipitating factors such as trauma, fracture, surgery, herniated disk disease, myocardial infarction, and cerebrovascular accidents. It often occurs outside of the dermatomal distribution and can start distally and spread proximally in the involved extremity without any new injury (3). MacKinnon and Holder (4) showed that TPBS was diagnostic for RSD, with sensitivity and specificity rates of 96% and 98%, respectively.
Heroin easily gains access to the circulation because of its lipophilic properties. When heroin is inhaled, a high blood level may be achieved in minutes. Therefore, it is not surprising that a considerable portion of inhaled heroin penetrated the tissues when our patient smoked it. Toxic reactions, allergies, prolonged compression, or vascular occlusion have been postulated for rhabdomyolysis and other neuromuscular complications from heroin. In our patient, the temporal course suggested that RSD was most likely related to rhabdomyolysis secondary to heroin smoking. Reflex sympathetic dystrophy may arise from a diverse spectrum of causes (3), but nontraumatic rhabdomyolysis secondary to heroin smoking has not been reported. A painful limb is not infrequently associated with heroin polyradiculopathy (5), plexopathy (6), rhabdomyolysis, and human immunodeficiency virus infection, in which the pain is confined to a segmental or neuropathic territory or is diffuse as a result of scattered involvement of the muscles. This pain does not clearly fulfill the criteria of the unrelenting pain of RSD, is not limited to a known vascular or neuropathic supply territory, and is not seen in association with a disproportionate vasomotor instability, as in our patient. However, we cannot exclude the possibility of masked RSD in this variety of painful syndromes. Because heroin involves the central, peripheral, and autonomic nervous systems, RSD or pain-related syndromes may not be so uncommon. Although the damage to soft tissue, like muscle fascicles or tendons, can provoke pain, the mechanism for rhabdomyolytic RSD is not fully understood. Roberts (7) proposed causalgia or other pain syndromes possibly resulting from a hypersensitivity of wide-dynamic range neurons within the spinal cord in response to afferent stimuli (8, 9) .
Calcitonin is a strong analgesic, vasoconstrictor, and a specific antiosteolytic drug that has a direct inhibitory effect on osteoclasts. These characteristics have made it a conventional drug in the treatment of pain, vasodilatation, and osteoporosis in RSD (10 -14) . The increased reactive metabolic effect in RSD is caused by osteoporotic changes and results in increased radionuclide uptake on bone scans. Because calcitonin treatment pre- Fig. 2 . After 2 months of treatment, radioactive uptake in the periarticular regions of the feet was less prominent and the patient was completely free of pain.
